Background and Purpose-Studies have shown higher stroke incidence in areas with higher levels of deprivation. We aimed to determine the pattern of association between various area socioeconomic status (SES) indicators and stroke incidence in specific sex and age groups. Methods-Data are from the Dijon stroke registry for the period 1995 to 2003. The analyses included 1255 cases aged older than 40 (median age, 76.8). Poisson regression was used to model stroke incidence according to the SES level of 61 small areas. Results-Among women, stroke incidence was higher in neighborhoods with large income inequality (incidence rate ratio, 1.34; Pϭ0.003), higher proportions of unemployed (1.24; Pϭ0.02), of non-French nationals (1.21, Pϭ0.02), and of rented housing (1.31; Pϭ0.03). Areas with a higher proportion of people aged older than 60 were associated with lower stroke incidence (incidence rate ratio, 0.72; Pϭ0.01). Analysis by specific age-groups showed stronger effects among the 60-to 74-year-olds. Among men, no associations between SES and stroke incidence were identified overall but analysis by age groups showed significant effect among the 40-to 59-year-olds. In this age group, incidence rate ratios were 1.47 for unemployment (Pϭ0.01), 1.86 for no car ownership (Pϭ0.02), and 1.56 for income inequality (Pϭ0.01). Among stroke cases, no trend in vascular risk factors prevalence according to area SES was identified. Conclusions-Variations of stroke incidence were more marked for the SES indicators of wealth and of income inequality. They were apparent at an earlier age in men and showed a stronger gradient among women. (Stroke. 2011;42:1201-1206.)
M
any studies have identified significant increases of stroke incidence with decreasing socioeconomic status (SES). 1 SES can be measured at individual, neighborhood, or, ideally, at both levels, because contextual characteristics, that is properties of the neighborhood, have been shown to influence ischemic stroke risk in addition to and beyond the effects of individual level factors. 2 When individual level SES is not available, which is not uncommon in clinical datasets, neighborhood or small area level SES is a reasonable option for describing social health variations. 3 To our knowledge, 2 studies have relied exclusively on neighborhood SES measurements to investigate variations in stroke incidence. 4, 5 Both found that stroke risk increased with increasing level of deprivation as measured by composite scores combining several social dimensions, such as levels of unemployment, occupation, education, income, wealth, proportions of elderly, and proportions of immigrant people. The use of composite scores in the context of risks of specific diseases may hide specific associations of their components with the disease undergoing study. For instance, income measured at postcode area level has been shown to be inversely associated with stroke incidence. 6 Furthermore, the pattern of neighborhood SES-stroke risk associations may vary according to gender-and age-specific groups. 2 No analysis of stroke incidence according to SES has ever been performed in France, where the only long-standing source of information to date comes from the Dijon Stroke Registry. Because individual SES level was not available from the registry, we decided to explore the association between stroke incidence and SES measured at a small area level. Our objective was to determine which of the components usually combined in composite deprivation indices are associated with stroke incidence and whether these associations were similar across gender and age groups. We also intended to explore the distribution of vascular risk factors among stroke cases according to the SES level of their area of residence.
Materials and Methods

Data
The Dijon Stroke Registry started in 1985 and has been collecting information on all strokes and TIA ever since. Dijon is a town with a population of 150 000 situated 260 km southeast of Paris in the rural region of Burgundy. Full details of the registry's process for stroke identification are reported elsewhere. 7, 8 Briefly, as recommended, 9 multiple overlapping sources are used to ensure completeness of case ascertainment. All 4 public and private hospitals in Dijon are involved in case finding of hospitalized strokes. To identify nonhospitalized cases, the registry involves all Dijon general practitioners, neurologists, and private radiological centers. Deaths from stroke are identified via the town hall death certificate office and are checked by a member of the Dijon Stroke Registry team. External audits are performed by the French National Institute of Health and Medical Research every 4 years to assess the quality and the validity of the registry processes.
Stroke is defined according to World Health Organization recommendations and the International Classification of Diseases. 10 The ascertainment of cases is performed by neurologists on the basis of medical history, clinical examination, and CT scan or MRI. Information collected includes vascular risk factors before stroke. Using a confidentially kept list of patient details, the University Hospital of Dijon where the registry is maintained performs checks for duplicates and patient follow-up. For the present study, we selected first-ever strokes of all stroke subtypes among people aged 40 years or older over the course of the study period 1995 to 2003. This study period was chosen because it encompasses 4 years before and after the 1999 census year, which provides valid population and other sociodemographic features at a small area level. Because we were interested in capturing lifelong influences of SES by means of area level indicators, we excluded cases residing in nursing homes or similar institutions where they were likely to have moved in later life.
We studied stroke incidence at "IRIS" level (for "Ilots Regroupés pour des Informations Statistiques"), which is the smallest aggregation level used by the national statistical office. IRIS (also referred to as neighborhood in this article) corresponds to homogenous geographical areas with borders that follow main roads or other physical features such as rivers or railways. The IRIS data files from the French National Office of Statistics provide population counts from the 1999 population census and are broken-down by sex and age (3 groups older than age 40: 40 -59, 60 -74, and 75 years or older). IRIS population size in Dijon ranged from 800 to 4380 in 1999. The data files also provide information on most dimensions frequently incorporated in composite SES scores. 11 Specifically we calculated the proportions of the population aged older than 60 years, of nonFrench nationals, of 1-parent families, of adults aged 15 years or older without secondary education, of households headed by a manual worker, of households renting their main residence, of households without a car, and the unemployment rate. To classify IRIS according to income level, we used the "household tax income" database for the year 2001. This is compiled by French National Office of Statistics and build on annual mandatory declarations of income and on tax paid on residence by all households in France. We used the median and the ratio of first to tenth deciles of income to reflect the absolute level of income and its distribution within IRIS (thereafter referred to as "income inequality"). Both income indicators are adjusted for household size, with a weight of 1 for the first adult, 0.5 for other adults, and 0.3 for children aged younger than 14 years. For confidentiality reasons, the ratio of first to tenth deciles of income was not available for the 2 IRIS with the smallest population sizes. Because the median and ratio of income were correlated (correlation coefficient, Ϫ0.64), we replaced missing values of ratio by predictions based on linear regression using median income as the independent variable. We used the official French National Office of Statistics file for IRIS geolocalization to assign each stroke case to the appropriate neighborhood.
Statistical Analysis
We first calculated stroke incidence for each age and gender category. We then used multilevel Poisson regression to study the association between stroke risk and neighborhood SES characteristics by age and gender. We divided each IRIS into 6 age-and gender-specific groups, thus defining a "population" of 366 (61 areasϫ3 age categoriesϫ2 genders) cells. These cells represented the first level, and the 61 IRIS represented the second or group level in our multilevel models. We fitted individual models with a random intercept for each IRIS and estimated fixed-effect of each neighborhood SES variable adjusting for age and sex. Because the relationship between age and stroke incidence varied significantly by gender, we then conducted parallel analysis for men and women, adjusting for and then testing for cross-level interaction between the SES variable and age. If interaction was present (P for interaction term Յ0.10), then we performed ordinary Poisson regression to estimate the association between the SES variable and stroke risk in each of the 3 age strata. In all Poisson models, we used the log of the population count as offset. Models' results are shown as incidence rate ratios that for ease of presentation, compare incidence in the tenth (highest, "least advantaged" for most variables) to incidence in the first (most advantaged) deciles of each SES variable. Finally, we looked for trend in the prevalence of risk factors before stroke (hypertension, atrial fibrillation, smoking, diabetes, and hypercholesterolemia) across IRIS, grouped in quintiles for each SES indicator. The analysis was performed using STATA version 10.1 (StataCorp LP).
Results
A total of 1433 stroke incident cases were recorded between 1995 and 2003 among the 62 299 persons aged 40 years or older living in 1 of the 61 residential IRIS of Dijon. This corresponds to an overall incidence of 2.56 strokes per 1000 person-years (95% CI, 2.43-2.69). Exclusion of 68 cases (5%) who could not be geocoded and exclusion of a further 110 (8%) who lived in an institution meant that 1255 events were included in our analysis. The median age of these patients was 76.8 years (interquartile range, 67.9 -83.6). Stroke incidence was lower among women and steeply increased with age, but differently so according to gender (Table 1) . Incidence from the second (60 -74 years) to the third (75 years or older) age groups approximately doubled in men but more than tripled in women (test for age-gender interaction: Pϭ0.003). Table 2 shows the distribution of number of cases, populations, and SES characteristics at neighborhood level. There were sharp contrasts between neighborhoods for variables such as unemployment rate (with a full range from 4%-36%) and proportion of manual workers (6%-51%).
Results from the Poisson regression models showed significant associations for 6 out of the 10 SES indicators while adjusting for age and sex (Table 3) . Stroke incidence increased with increasing neighborhood level income inequality and decreased with increasing proportion of persons older than 60 years. There was no association with levels of education, of income, proportions of manual workers, or of 1-parent families. Table 4 shows for each gender the main effect of SES indicators and, in case of age-SES interaction, the effect of SES indicators in each age stratum. For men, none of the SES variables was significantly associated with stroke incidence in the main effect models, whereas significant interactions with age were detected for unemployment, proportion of manual workers, not having a car, and both income indica-tors. Associations between stroke incidence and low SES tended to be positive in the first age group, neutral in the second age group, and negative in the oldest age group. However, statistically significant associations were only identified in the youngest age group for income inequality, unemployment, and no car ownership. In contrast with men, main effect models detected significant associations with stroke incidence for 6 out of the 10 area level SES indicators among women. Most suggested increasing stroke incidence with decreasing SES level, with the strongest effect identified for income inequality. The proportion of those older than 60 years in the neighborhood was negatively associated with stroke incidence and showed evidence of interaction with age. The age stratum-specific models showed that this was mainly attributable to the halving of stroke risk in the 60-to 74-year age group. Age-SES interactions were also identified for proportions of those renting main residence and not having a car. Again, the strong SES effects were revealed in the 60-to 74-year age group. Results for both men and women were not altered when those with stroke living in institutions were included in the analysis (data not shown).
No clear trend in risk factors prevalence was identified among stroke cases classified into quintiles of SES indicators.
Although male smoking prevalence increased from 58% to 69% across quintiles of unemployment (Figure 1 ), this failed to reach statistical significance. Across all combinations of risk factors and SES indicators, only 2 significant trends were identified: among men, between diabetes and proportion of manual workers (P for trendϭ0.02; Supplemental Table V 
Discussion
As has been shown in other countries, 4, 5 this study demonstrates that significant and sizeable variations of stroke incidence according to the small area SES level are identifiable in Dijon. Our results suggest that these variations may be nested in specific gender and age groups and are clearer for some neighborhood characteristics, such as income distribution, wealth, and proportion of residents aged older than 60 years.
Age, Gender, and the SES-Stroke Incidence Relationship
We found that low SES was associated with increased stroke risk only in the youngest age group (40 -59 years) for men and mostly in the middle age group (60 -74) for women. This probably needs to be interpreted considering the different age Results from models testing 1 SES variable at a time. SES indicates socioeconomic status. *IRR is the incidence rate ratio comparing neighborhoods in the tenth decile to those in the first decile of the SES variable.
†IRR comparing neighborhoods in the first decile to those in the tenth decile, so as to follow a similar direction (increasing "disadvantage") as the other SES variables.
and stroke risk relationships across gender. Like in other studies, the incidence rate in women starts increasing sharply at a later age than in men in Dijon (Table 2) . Reasons for the "delayed" stroke epidemic in women are likely to include a combination of biological (eg, hormonal) and behavioral determinants. [12] [13] [14] For stroke, like for other diseases, the negative SES-incidence gradient is clearer in younger age groups and tends to wane or, in some cases, reverse later. 2, 15 Results from multilevel Poisson regression models testing 1 SES variable at a time. SES indicates socioeconomic status. *IRR is the incidence rate ratio comparing neighborhoods in the tenth decile to those in the first decile of the SES variable. †IRR indicates the ratio of first to tenth decile, so as to follow a similar direction (increasing "disadvantage") as the other SES variables. Using an infectious diseases analogy allows combining of these findings and our results: it assumes that in both sexes, low SES shortens the "stroke incubation period," which for reasons mentioned is on average longer among women. According to this hypothesis, the negative SES-incidence gradient would be detectable at the beginning of the epidemic. In our population, this would happen when incidence reaches Ϸ1 of 1000, that is before age 60 in men and beyond age 60 for women. Incidence in higher SES groups would climb faster at later ages, potentially resulting in a reversal of the social gradient. Detailed analyses of prospective studies are necessary to confirm this hypothesis.
Role of Income and Wealth
Although we did not identify any association between stroke incidence and neighborhood income level, there was a clear pattern regarding other variables reflecting level of wealth. The higher stroke incidence in less wealthy IRIS (high proportion of households not owning their residence or a car) is in line with the results from a U.S. prospective study. 16 This study showed that wealth predicted stroke incidence in addition to and beyond the effect of individual income. Our findings are even clearer regarding income inequality, which was strongly and positively associated with stroke incidence. This was also the case in a New Zealand-based case-control study, even after adjusting for individual income level. 17 There is also evidence that income inequality, albeit measured on a much larger scale (ie, regional or national level), is detrimental to health. 18 Psychosocial stress and its physiological consequences have been advanced to explain this effect.
Proportion of Those Older Than 60 Years
Why is stroke risk lower for women aged 60 to 74 living in areas with a higher proportion of elderly people? A first explanation could be that these areas attract migration and concentration of wealthier and healthier women after retirement. This is partly supported by the fact that median income and proportion of those older than 60 are moderately correlated at neighborhood level in Dijon (correlation coefficient, 0.29; Pϭ0.02). It is also possible that primary care in neighborhoods with a higher density of older people may be better tuned to their specific needs, including management of cardiovascular risk factors. Alternatively, these areas may provide more opportunities for developing social networks among older people, which have been shown to significantly decrease stroke incidence. 19 Given that being never married and widowhood expose to higher stroke risk, 20 the protective effect of other social ties might be of particular value for women aged older than 60 who, compared with men, are more likely to live alone.
Risk Factors
In a recent international case-control study, 35% to 52% of stroke cases were attributed to high blood pressure alone, 21 and up to 90% were attributed to a combination of 10 cardiovascular risk factors. The question then arises regarding the contribution of risk factors in the incidence variations that we identified. No clear pattern of association was detectable between neighborhood SES levels and prevalence of risk factors among stroke cases. This is particularly surprising among women in whom the strongest incidence gradients were found. However, these findings only suggest that a similar mix of risk factors interacted to determine a stroke case, wherever the area of residence. Because no information on the prevalence of conventional vascular risk factors in the general population was available in our study, we were unable to determine the relationship between these factors and stroke incidence. Consequently, we could not determine whether the effect of SES on stroke incidence is mediated by vascular risk factors. Evidence of such mediation is suggested by the results of a small area level study conducted in Sweden, where a strong association between stroke incidence and prevalence of risk factors was found. 4 The association explained a substantial amount of the stroke incidence socioeconomic gradient (44% in men, 63% in women). This finding, however, has not been consistent over studies and the contribution of risk factors in determining socioeconomic variation in stroke incidence remains unclear. 1
Limits
There are several limits to our study. One is reliance on point estimates of population and SES data, whereas the study covers a 9-year period. We have limited this potential source of bias by centering the study period on a census year, but migration in and out neighborhoods resulting in changes of population size, age structure, and of social composition could have occurred. Comparison of the 1990 and 1999 population census for Dijon as a whole shows that migrations mostly concerned those younger than 40 years and was minimal over 60. 22 This does not exclude possible changes in places of residence within Dijon, however. Also, bias would only occur if changes in IRIS population and SES were systematically associated.
Second, similar to other studies, we relied on the established administrative borders (IRIS) to define neighborhoods, which may or may not reflect underlying socially homogenous communities. 23 However, given their relatively small size and the fact that their boundaries are based on the urban and geographical topology, IRIS are unlikely to represent coalition of differing neighborhoods and are generally considered in France as the most homogenous small area division available. Also, the averaging that would result from IRIS cutting into several different neighborhoods would lead to underestimation of the associations. Finally, because numerous statistical tests were performed, results with marginal significance should be interpreted with caution.
Conclusions
Given that Dijon is a fairly homogeneous community, it is likely that the extent of SES inequality in stroke risk in France as a whole is even wider than we have identified in this study. The identification of risk variations with ecological studies are powerful means of attracting political and decision-maker attention and thus can help shape the distribution of health services. Composite scores or deprivation indices have proved useful for this purpose. 24 As we have shown in this study, however, the use of more specific indicators and performance of analysis across age and gender groups in ecological design can help generate research hypotheses that can be followed through in more robust epidemiological studies. 
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